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(2) Manufacture of Nitric Acid from the Atmosphere.—The atmos-
phere contains about 4,041,200,000,000,000 tons of nitrogen, together with about
one-fifth this amount of oxygen gas. There is thus an inexhaustible supply of
nitrogen available for conversion into nitric acid or nitrate, and thus available for
manurial purposes. The nitrogen in the air over a single square mile of land
amounts to nearly 20,000,000 tons of nitrogen—sufficient, if suitably combined as
nitrate or nitric acid, to supply at the present rate of supply the world with manure
for over half a century.
The problem of directly uniting the oxygen and nitrogen of the air to form nitric acid and
nitrate was first solved in a commercially successful form in 1903 by Birkeland and Eyde. In
1907 they established a factory at Notodden, in Norway, utilising the 40,000 II.I*, there
available from waterfalls. In the same year the Badische Anilin- und Soda-Fabrik built an
experimental works at Christiansand, in Norway, and an agreement was come to between the
interested firms whereby a company possessing a total capital of 34,000,000 kronen came into
existence, which in 1911 opened a large works on the Rjukan Falls, near to Notodden, with
125,000 H.I'. However, the Badische Anilin- und Soda-Fabrik have since withdrawn all their
capital from the concern, selling all their rights in the manufacture of nitric acid from the
atmosphere to the French Scandinavian Co. The cause of this is possibly the perfection by
the B.A. S.F. of their process for making synthetic ammonia cheaply and thence oxidising it into
nitric acid (see p. 28). Other works are building or are built in Norway and Sweden, and
similar factories, using different systems as described below, have come into existence at Innsbruck,
in Italy, France, the United States and other countries possessing considerable water power for
the generation of electrical power. Altogether the industry is now well established.
At the present time, however, I FT. P. per year can only produce \ to I ton of nitrate per
year. There are, it is calculated, some 5 to 6 million H.P. available in Norway, and some 50,000
to 60,000 H.P. available in Europe, so'that were it possible to harness all this power for the sole
manufacture of nitrates from the air it would be possible to produce some 50,000,000 tons of
nitrate annually. The amount now produced is far under 200,000 tons annually.
The process adopted for making nitric acid from the air is to oxidise the latter
by means of an electric arc, whereby the nitrogen and oxygen directly unite to
form nitric oxide, NO. This latter takes up oxygen from the air to form nitrogen
peroxide, and the nitrogen peroxide is then absorbed by water, with the production
of nitric and nitrous acid.
Theoretical.—When air is strongly heated, atmospheric oxygen and nitrogen directly unite to
form nitric oxide, NO, according to the equation —
No-I- O2 = 2NO -43,200 calories.
The process is reversible, and depends upon the equilibrium represented by the expression :—
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\vhcre P represents the partial pressures of the respective gases, and K is the reaction constant.
Also the reaction is endo-ihermic (i.e., the formation of NO is attended with the absorption
of heat), and consequently is favoured by a high temperature, as is shown by the following results
of Hernst (Zcit. anorg. Chcm.^ 1906, 49, 213; Zcif. Ekktrochcm.^ 1906, 12, 527) interpolated for
simplicity :—
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